Short-chain fatty acids and other lipophilic acids that are used as antimicrobial food additives inhibit the growth of bacteria (5) and mammalian cells in tissue culture (6) . Longchain fatty acids also inhibit gram-positive bacteria (Bacillus subtilis) or human cells (HeLa) but not gram-negative bacteria such as Escherichia coli whose lipopolysaccharide layer they cannot penetrate (16) . The growth inhibition of bacteria has been attributed to the inhibition of amino and keto acid transport (5) , whereas that of human cells has remained unexplained. Furthermore, it was found that short chain fatty acids (propionate and butyrate) inhibit the growth of HeLa cells more effectively than that of bacteria and they produce a jagged cell shape in monolayers of HeLa cells (6) .
Since lipophilic acids inhibit growth either by their effect in the cell membrane or after they have penetrated it, their inhibitory strength I Present address: Genetic Toxicology Branch, Food and Drug Administration, Washington D.C. 20204. should be related to their solvent partition coefficient. By measuring this relationship for bacteria and human cells, one can compare the relative cell toxicity of different compounds frequently used by man such as food additives or salicylates (analgesics-antipyretics), and determine which compounds may differ in their inhibitory mechanisms. This paper attempts to establish such a relationship and to analyze the mechanism of growth inhibition in bacteria and HeLa cells by the measurement of adenosine 5'-triphosphate (ATP) production, oxygen consumption, and amino acid transport. The paper also compares the effects of butyrate and of serum deprivation on the production of shape changes and cell processes in HeLa and neuroblastoma cells.
(passage 6 to 20) were obtained from B. W. Uhlendqrf and grown in MEM containing nonessential amino acids (2) , and 10% calf serum. All cells were grown either in 60-mm plastic petri dishes (4 ml of medium) or in 75-cm2 T flasks (Falcon Plastics, Los Angeles, Calif.) (25 ml of medium), incubated at 37 C in a humidified incubator provided with 5% CO2. For viable and nonviable cell determinations, cells were released from monolayers by 5-min exposure to 0.05% trypsin in a buffer containing 16 mM NaCl, 5 mM KCl, 26 mM NaHCOs, 5.5 mM glucose, 1.5 mM Na2-ethylenediaminetetraacetic acid at pH 7.4 . After subsequent addition of calf serum (to give a final concentration of 30%) and trypan blue (to give a final concentration 0.03%) the titers of viable and nonviable (stained blue) cells were counted, twice for each point, using a hemocytometer.
ATP assay. Bacteria grown to an A,,, of 0.5 were incubated in the presence of different compounds for 30 min at 37 C with constant shaking; a sample of each culture was then rapidly mixed with an equal volume of ice-cold dilute formic acid (1:50 dilution) containing 2 mM ethylenediaminetetraacetic acid and left for 20 min on ice. Mammalian cells grown for 24 h in 60-mm plastic petri dishes were exposed to test compounds added to the growth medium for various times at 37 C. For the last 2 h of the treatment, the monolayer cultures were incubated with fresh medium containing the compound. At the end of the treatment, the medium was removed, ice-cold dilute formic acid (1:100 dilution) containing 1 mM ethylenediaminetetraacetic acid was added, and the petri plate was incubated on ice for 20 min, whereupon the monolayers were detached from the dishes with a rubber policeman. Both bacterial and mammalian cell suspensions in the formic acid solution were stored at -70 C until assayed. The ATP content of the suspensions was determined by the luciferase assay described previously (10, 15) . Uptake of amino acid. The bacterial uptake of amino acids was measured in both whole cells and membrane vesicles of B. subtilis and E. coli as described previously (5, 16) . Both bacteria and vesicles were preincubated with the different inhibitors for 2 min before the uptake was started by the addition of uniformly labeled amino acid at a concentration of 0.1 mM for whole cells and three times the Km value (11) for membrane vesicles. The uptake which was linear for at least 5 min was measured after 2 min. (ii) Just before amino acid uptake measurements, two cover slips were removed from each 100-mm plate and washed three times with PBS (without Ca2+ and Mg2+), and each was incubated for 10 min in a cell counting vial containing 1 ml of 0.05% trypsin in PBS (without Ca2+ and Mg2+) for 10 min. The cells from each cover slip were then suspended by repeated pipetting and 0.2 ml of each cell suspension was solubilized by addition to 1 ml of NCS (Amersham/Searle, Arlington Heights, Ill.) followed by incubation for 30 min. After addition of 10 ml of scin- Table 1 . In aqueous solutions, the pH was adjusted to 6.5 for bacteria and to 7.4 for mammalian cells, using potassium or sodium hydroxide solutions. All radioactive compounds were purchased from New England Nuclear, Boston, Mass.
RESULTS
The inhibition of different cellular functions (growth, ATP synthesis, amino acid uptake, oxygen consumption) is expressed in terms of an inhibition index (5) which is defined such that its value is 0 for no inhibition and 1 for complete inhibition, i.e., inhibition index = 1 -experimental value/control value. In the case of growth inhibition, an inhibition index greater than one can be observed if the number of cells in the experimental culture decreases owing to cell killing. If the inhibition index is significantly (i.e., not merely due to experimental error) below zero, a stimulation rather than an inhibition of the observed reaction is indicated.
Inhibition of growth. For the determination of bacterial growth inhibition, the compounds were added during mid-exponential growth (A,,,, = 0.5 to 0.6) at 37 C; the A.00 was measured immediately afterwards (zero time) and 1 h later. For the growth inhibition measurements of HeLa cells, the compounds were added to a monolayer 20 h after plating 105 to 2.5 x 105 cells per dish; the number of viable cells was counted (in different dishes) both at the time of addition and 48 h later. The growth inhibition index determined for the different organisms is plotted against the concentration of six representative compounds in Fig. 1 . Similarly, the growth inhibition of a large number of other compounds was measured; the concentration needed to effect 50% growth inhibition is shown in Table 1 I 0 aThe compounds were added as solutions in water or dimethyl sulfoxide (the final concentration of which was less than 0.4%) and the same solvents were added to the control culture (without inhibition). The bacteria were grown in nutrient broth containing 100 mM potassium phosphate, pH 6.5, to an A.,, of 0.5 to 0.6. The change of Asoo was measured 1 h later. Trypsinized HeLa cells were added in equal aliquots of 2 x 106 cells to culture dishes (60 mm diameter) which were incubated for 24 h. The inhibitors were then added together with fresh medium and the number of viable cells was counted (in different dishes) both at the time of addition and 48 h later. The experimental values fluctuated about the given mean value by a maximum of +20%. ND, Not determined.°L ogarithm of the octanol-water partition coefficient of undissociated acids, either obtained from or calculated according to Leo et al. (12) .
,,Data of Izatt and Christensen (7 (Fig. 2b) . The concentration dependence of HeLa cell inhibition by the short chain fatty acids has previously been shown (6) to differ greatly from that observed with other fatty acids.
Morphological changes induced in HeLa and neuroblastoma cells. Propionate and butyrate were not only unusually effective in their growth inhibition of HeLa cells, but they also caused the extension of long cell processes giving the cells a jagged appearance at low magnification, as has been reported previously (6) (Fig. 3) . The cell processes were shorter and more branched, fuzzy, and curved than those produced by butyrate, and concentrations causing 100% growth inhibition led to the rounding off and detachment of the cells from the monolayer after 24 to 48 h, in contrast to butyratetreated cells, most of which remained attached. In addition, many perinuclear and cytoplasmic granules were observed after exposure with parabens, a finding not observed in butyratetreated cells. The concentrations of potassium butyrate and sodium butyrate effective in producing growth inhibition and morphological changes were the same. The morphological changes induced by butyrate were prevented in the presence of 10 ,ug of colchicine per ml or 5 ug of cycloheximide per ml. Colchicine also prevented the shape change, but not the granule formation, produced by parabens. Cycloheximide (5 jug/ml) inhibited [14C ]leucine incorporation into acid-precipitable material, i.e., protein synthesis, by 80%. Apparently, protein synthesis is necessary for the morphological alteration of HeLa cells (6) .
Since the long cell processes produced in HeLa cells by growth in the presence of 5 mM butyrate appeared similar to neurites, the effect of butyrate on neuroblastoma cells was also investigated. These cells (type N18) are almost round (singly or in clusters) when they are grown in medium containing 10% fetal calf serum. However, when the medium is changed to one containing only 0.1% fetal calf serum, the cells attach to the surface of the culture dish and form neurites (14) . This morphological alteration is completely reversible when the concentration of serum in the culture medium is restored to the original value. We have found that butyrate inhibits growth of (Fig. 4) and induces morphological changes (Fig. 5 ) in neuroblastoma cells even in the presence of 10% fetal calf serum. Butyrate was chosen as the test compound since it induced the most pronounced morphological alteration in HeLa cells. Incubation of neuroblastoma cells in the presence of 1 mM butyrate and 10% fetal calf serum caused the normally round cells (Fig. 5a ) to flatten and to attach firmly to the surface of the 354 SHEU ET AL.
on November 12, 2017 by guest http://aac.asm.org/ Downloaded from culture dish within 24 h (Fig. 5b) ; subsequently, long processes developed from the flattened cells (Fig. 5c) . Cells bearing these processes could be maintained in culture for several weeks provided the growth medium contained 1 mM butyrate. Replacement of the medium by fresh medium without butyrate permitted the initiation of cell devision and the gradual return to the original morphology (round cells
(ii) Several days after the exposure of neuroblastoma cells to growth medium containing no fetal calf serum, the cell bodies were still less flattened and the cell processes were generally thinner ( Fig. 5d ) than in the cells exposed for the same time to butyrate (1 mM) in the presence of 10% fetal calf serum. (iii) The onset of the morphological changes induced by serum deprivation was evident within 30 min after serum removal from neuroblastoma cell cultures, whereas the butyrate-induced alterations occurred only after incubation for 24 h. (iv) The morphological alterations induced by serum deprivation were reversed within 4 h upon incubation at 4 C, as had already been reported (9) . In contrast, the butyrate-induced morphological changes remained unchanged upon exposure to 4 C (for 20 h). (v) Seeds et al. (14) had reported that addition of cycloheximide up to 50 ,ug/ml did not prevent the formation of neurites after serum deprivation. In contrast, incubation of neuroblastoma cells in the presence of both butyrate (1 mM) and cycloheximide (1 Ag/ml) for 24 or 48 h did not produce the morphological alterations that were typically observed after these times in the presence of butyrate alone. Based on the incorporation of ["4C ]leucine into the acid-precipitable fraction, 1 ,ug of cycloheximide per ml inhibited 80% of the cellular protein synthesis. These results indicate that the morphological alterations induced by butyrate in neuroblastoma cells require continued protein synthesis.
Reduction of ATP concentration. To analyze the possible causes of growth inhibition (or cellular shape changes), the effect of different lipophilic acids on ATP synthesis, membrane transport, and oxygen consumption were measured. For bacteria, the amount of cellular ATP was measured 30 min after addition of various inhibitors, each at a concentration that just sufficed to inhibit growth by 100% (Table 2 ). In a. Relationship between partition coefficient and growth inhibitory concentration. The octanolwater partition coefficient of undissociated compounds (12) was plotted against the concentrations of compounds needed to inhibit growth by 50% (for values and symbols see Table 1 ).
the strictly aerobic B. subtilis, all compounds reduced ATP by at least 42% with the exception of butylbenzoate (which is not an acid). However, the inhibition of ATP was clearly not necessary for the inhibition of growth, since most compounds inhibitory to the facultative anaerobe E. coli caused little or no reduction in the amount of ATP per cell (Table 2) ; the exceptions will be discussed.
For HeLa cells the effects of butyrate, butylbenzoate, and decanoate on the ATP concentration was measured (Tables 3 and 4 ). (b) , the processes being thinner, whereas the paraben culture looked more irregular and had short, branched and rough-edged processes. Phenylacetate (11 mM) produced shape changes similar to those produced by parabens. The medium was then replaced with fresh medium containing various concentrations of sodium-butyrate and incubation was continued for 48 h. The inhibition index was determined as described (6) . possibly due to aging or to the higher cell density. The same change was observed in the presence of 5 Inhibition of amino acid uptake by whole cells and membrane vesicles. The inhibition of glycine uptake into whole cells and isolated membrane vesicles of B. subtilis and E. coli was measured for different compounds at concentrations that inhibited growth by about 100% (inhibition index 1). All compounds inhibited the uptake into membrane vesicles almost completely (Table 2) . Most compounds that inhibited growth also inhibited glycine uptake into whole cells more than 60%. Exceptions were methylparaben (for B. subtilis) and phenylacetate, which inhibited glycine uptake completely only when their concentrations were raised to 15 and 30 mM, respectively. The effect of 10 mM methylparaben in B. subtilis was further investigated to determine whether the observed growth inhibition could be correlated to uptake inhibition of some compounds, such as certain amino acids. As Table 5 shows, the uptake of alanine, arginine, aspartic acid, and leucine was much more inhibited than that of glycine. The bacterial growth inhibition by all of the investigated compounds can therefore be attributed to the inhibition of the uptake of amino acids and other compounds needed for substrate and energy supply. Decanoate, linoleate, and butylbenzoate inhibited neither growth nor amino acid uptake of E. coli, because the lipopolysaccharide layer has been shown to protect E. coli against entry of such large compounds (16) .
Whereas the growth inhibition of bacteria is correlated with the inhibition of membrane transport of amino and keto acids (5, 17) , this is clearly not the case for the growth inhibition of human cells such as HeLa or skin fibroblasts.
The uptake rates of L-alanine, L-arginine, Lglutamate, and L-leucine into HeLa cells were not decreased by 24-h incubation of the cells in the presence of 5 mM butyrate or 0.5 mM decanoate (Fig. 6) , compounds which completely inhibited cell multiplication under these conditions of treatment. (In fact, the rate of L-alanine uptake was slightly increased by preincubation of the cells with butyrate.) Amino acid uptake was also not inhibited immediately after butyrate addition. Pretreatment of HeLa for 1 h with 0.75 mM 2,4-dinitrophenol inhibited the L-alanine uptake as much as 67%, although the ATP levels in these cells were not significantly altered. Butyrate, decanoate, and other fatty acids similarly failed to inhibit amino acid uptake in normal skin fibroblasts. In these cells, 30-min incubation with 2-heptyl-4-hydroxyquinoline-N-oxide (0.01 mM) or 2,4-dinitrophenol (1 mM) reduced the cellular amount of ATP by at least 90 or 50%, respectively, without inhibiting the uptake of L-aaminoisobutyrate, L-alanine, or L-arginine. Cyanide (1 mM) or azide (1 mM) also did not inhibit amino acid uptake. However, amino acid uptake was markedly ion dependent in this cell line: alanine uptake was completely inhibited when the extracellular sodium was replaced with tris(hydroxymethyl)aminomethane or potassium, whereas arginine uptake was not inhibited when sodium was replaced by tris(hydroxymethyl)aminomethane, but was 80% inhibited when it was replaced by potassium. (60009) and E. coli (50009) were grown in nutrient broth containing 100 mM potassium phosphate, pH 6.5 (NBP), to an A0o0 of 0.5 to 0.6 at which time the ATP content and the oxygen consumption were measured (5). To measure the uptake of glycine, the cells were washed and resuspended at an A.00 of 0.3 in 0.1 M potassium phosphate, pH 6.5, containing 100 Ag of chloramphenicol per ml; the test compounds were added and 2 min later [U-"4C ]glycine was added to give the final concentration of 0.1 mM (33 nCi/ml) (16) . The test compounds were used at concentrations just high enough to completely inhibit the growth of the corresponding bacteria, except for those cases marked by footnote b in which the concentration used inhibited growth of E. coli by less than 20%. Without inhibitor, the following values were obtained for B.
subtilis: 13 nmol of glycine/(min A600), 3 .3 nmol ATP/A655, and 221 nmol 02/(min A600); forE. coli: 35 nmol glycine/(min A600), 3.6 nmol of ATP/AooO and 273 nmol 02/(min A600). Membrane vesicles of both bacteria were prepared from cells gown in NBP plus 10 mM glycerol and stored in liquid nitrogen. Glycine uptake and oxygen consumption of membrane vesicles energized with 20 mM DL-a-glycerol phosphate were measured in the absence and presence of a compound at the same concentration as used above for the inhibition of whole cells. The final concentration of membranes used for the uptake of glycine (27 ,uM, 2.5 MCi/ml) was 1 mg of protein/ml and for oxygen consumption it was 0.2 mg of protein/ml. Without inhibitor, the following values were obtained for B. subtilis: 67 pmol glycine/(min mg of protein) and 53 nmol 02/(min mg of protein); for E. coli: 43 pmol glycine/(min mg of protein) and 37 nmol 02/(min mg of protein). The experimental values fluctuated about the given mean value by a maximum of + 10%.
b Less than 20% growth inhibition.
Inhibition of oxygen consumption. All com-sumption of both B. subtilis and E. coli by 73 to pounds were also tested for their ability to 99% (Table 2) . However, the compounds difinhibit the consumption of oxygen in bacteria. fered greatly in their capacity to inhibit the In all cases, a concentration sufficient to inhibit consumption of oxygen by membrane preparagrowth by 100% also inhibited the oxygen con-tions in the presence of DL-a-glycerol phosphate VOL. 7, 1975 on November 12, 2017 by guest http://aac.asm.org/ Downloaded from 7.4 by NaOH) for 24 h at 37 C. The ATP was then extracted and measured as described in Materials and Methods.
as a substrate for oxidation. Table 2 shows that the saturated monocarboxylic acids caused little or no inhibition, as had been observed previously (5) . All other compounds inhibited the oxidation of a-glycerol phosphate to some extent in membrane vesicles of both B. subtilis and E. coli. The extent of inhibition was generally much less than that for whole cells, with the exception of butylbenzoate and 3,5-diiodosalicylate, both of which inhibited the oxygen consumption of membranes of B. subtilis almost completely (butylbenzoate inhibited neither the growth nor the oxygen consumption of whole E. coli cells).
DISCUSSION
Most of the 29 compounds tested inhibit by 50% the multiplication of HeLa cells at about the same concentration as or at a lower concentration than the multiplication of bacteria. In particular, the investigated mammalian cells are about as susceptible to preservatives as are bacteria, with the exception of propionate to which they are more susceptible. An interesting exception is the dicarboxylic acid pimelic acid, which is more effective on the tested bacteria; it might be useful as a preservative of preparations (food, cosmetics) with which humans come in direct contact. Compounds of higher molecular weight inhibit E. coli much less than either HeLa or B. subtilis; they are screened out by the lipopolysaccharide layer that generally surrounds gram-negative bacteria, as has been shown for long chain fatty acids (5) .
In our tests, the inhibition of cell multiplication was measured after the addition of the inhibitor, after 48 h in HeLa, and after 1 h in bacteria. Although these time intervals amount to about two cell doublings in both organisms, the growth inhibition may be influenced by the stability of some compounds; for example, the analgesics-antipyretics acetaminophen, antipyrine, phenacetin, and salicylamide are nearly ineffective in B. subtilis, whereas they inhibit HeLa cells as effectively as does salicylate. Conceivably, the inhibition might be due to a hydrolysis product. In any case, the efficient growth inhibition produced by these compounds in mammalian cells suggests that they should be taken as drugs in as small quantities at a time as feasible, so that their concentration in the stomach remains low and the drug gets diluted into the blood before the next dose is taken. For example, one tablet of aspirin (0.5 g) produces in the stomach (< 1 liter of content) a concentration of 3 mM or more aspirin. According to Table 1 this is enough to arrest the growth of mammalian cells and thus can presumably affect also the metabolism of resting cells in the stomach lining. Salicylates are absorbed into Ag of chloramphenicol per ml as described previously (16) . The cells were preincubated with 10 mM methylparaben for 2 min at 30 C, and then the uptake reaction was initiated by the addition of labeled amino acid (0.1 mM, 50 ACi/ml). The uptake was measured for 2 min, and the inhibition index was calculated as described (5) . tions sufficient to inhibit growth by 100%, the inhibitors reduced the ATP content of the /-^0 aerobic B. subtilis at least 42%; however, not all of them affected the ATP concentration of the facultative anaerobic E. coli ( Table 2) .
As a result of the substrate starvation caused by lipophilic acids, the bacteria no longer have the (reducing) compounds available to allow oxygen consumption by whole cells. However, most lipophilic acids allow a significant extent of oxygen consumption by isolated membranes in the presence of oxidizable energy sources ( Table 2 ). This indicates that the inhibition of substrate transport is mainly due to uncoupling of this transport from the energization via the electron transport system (probably by elimination of a proton gradient). Some of the aromatic compounds, especially butylbenzoate and 3,5-diiodosalicylate, inhibit oxygen consumption by membranes to the same extent to which they inhibit substrate transport, oxygen consumption, and growth of whole cells: they may inhibit mainly by inhibiting the electron transport system itself; in particular butylbenzoate seems to inhibit by this mechanism, because it is not an acid (unless hydrolyzed) and thus cannot shuttle protons through the cell membrane. The effect of other unsaturated or aromatic compounds, which inhibit oxygen consumption in membrane vesicles to some extent but inhibit substrate transport more effectively, seems to result from a combination of uncoupling and The concentration needed to inhibit growth of tined after pre-B. subtilis by 50% decreases with increasing m decanoate for (octanol-water) partition coefficient of these compounds, as shown by the double-logarithmic plot in Fig. 2 . Structurally related comand they are pounds can be connected by a smooth curve.
s.
The growth inhibition of mammalian cells is rth of bacteria caused by an unknown mechanism, which (at ino acids and least for the fatty acids) does not involve the ids used here inhibition of amino acid uptake or the direct f glycine into interference with the ATP-generating system. A Ld all except plot of the 50% inhibitory concentration against omy of this relationship is correlated with the production of morphological changes by short chain fatty acids, suggesting different mechanisms of growth inhibition (Fig. 2b) .
The effectiveness of a given lipophilic acid to inhibit bacterial and membrane transport increases with decreasing pH (as long as the pH is higher than the pK value of the compound) (5) , suggesting that the unionized molecules are (more) responsible for the inhibitory effect. But when one calculates, from the 50% inhibitory concentration (Fig. 2) and the pK value of the compounds, the concentration of uncharged molecules (at the pH value used) and plots that against the partition coefficient, the points are spread even more than in Fig. 2 Fig. 2a that the effectiveness of fatty acids (all with pK 4.9) on B. subtilis increases from C2 to C. faster than to C. and that still faster than to C. and C lO. Since the aggregation also depends on the charge of the molecules, a simple charge correction (according to pH and pK) does not reduce the spread of the experimental points in Fig. 2 . The limited importance of the molecular change is also shown by the fact that lowering the pH of the medium by one unit (e.g., from 7 to 6) increases the inhibitory effectiveness of a fatty acid by much less than a factor 10 (5). (iv) Molecules with high partition coefficients form dimers or polymers in cellular membranes, thereby increasing the number of molecules that can potentially be incorporated into the membrane, but possibly decreasing their effect on proton equilibration. In spite of these complications, Fig. 2 has a limited predictive value. Moreover, the comparison with B. subtilis has revealed the special susceptibility of HeLa to low-molecular-weight fatty acids and to certain analgesics-antipyretics. A similar comparison may reveal differences among different mammalian cell types.
Certain compounds cause a morphological alteration of HeLa cells. (Bacteria with their rigid cell wall maintain their normal morphology in the presence of all compounds.) The short chain fatty acids, which inhibit growth at unexpectedly low concentrations, cause morphological changes that seem to differ from those induced by parabens or phenylacetate. The effect of one of the fatty acids, butyrate was also examined in mouse neuroblastoma cells (N18) in the presence of 10% fetal calf serum. Butyrate (1 mM) inhibits growth of these cells and causes the formation of cell processes, which continue to extend for at least 7 days. These morphological changes are reversible but they differ in several respects from the neurites that are more rapidly produced, even in the presence of cycloheximide, upon reduction in the concentration of fetal calf serum.
Inhibition of mouse neuroblastoma cell division by butyrate has been observed before (13) . The authors found that cells treated with 0.5 mM sodium butyrate, in contrast to cells treated with 0.5 mM dibutyryl cyclic adenosine 5'-monophosphate, formed mostly short cellular processes ( <50 ,um) within 3 days of incubation, but they apparently did not extend their observations to longer times. Our results show that neuroblastoma cultures produce long processes (up to 500,um) on more extended incubation.
In both HeLa and neuroblastoma cells, conditions that cause the extension of cell processes also cause cessation of cell division, but the opposite is usually not true. The mechanism by which these morphological alterations are produced is not known but it is intriguing that their expression in HeLa cells is correlated to (3) and preceded by (J. L. Simmons and L. A. Breuer, manuscript in preparation) the induction of sialyltransferase I which modified a sphingolipid. This modification may be necessary to keep cell processes attached to the supporting (e.g., petri plate) surface. The colchicine susceptibility of process formation indicates that microtubular assembly may be necessary in addition, to provide a back-bone during the production and maintenance of cell processes. The much more rapid process formation observed in neuroblastoma cells upon serum reduction suggests that 10% fetal calf serum may normally mask a surface property in these cells; in the presence of serum the cell surface may also be altered by butyrate but only after prolonged incubation. 
